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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

AERODYNAMIC CHARACTERISTICS AT MACH NUMBERS 2.36 AND 2.87
OF AN ATRPIANE CONFIGURATICON HAVING A CAMBERED
ARROW WING WITH A 75° SWEPT LEADING EDGE*

By Joseph M. Hsllissy, Jr., and Dennis F. Hasson
SUMMARY

An investigation has been conducted to determine the performance
ané statlic stability characteristics of a model of a long-range bomber
intended to cruise at Mach number 3.0. This configuration utilized a
wing having = 750 sweptback leading edge and having camber and twist to
give maximum lift-drag ratio at = 1ift coefficient of 0.1. The aspect
ratio was 1.79 and the taper ratio 0. Wing thickness in sections normal
to the leading edge varied between 8 and 1% percent chord. Configura-
tions tesitied included the wing alone and two complete flying-wing type
configurations, one having six separate underslung engine pods and the
other having = clustered-engine instellestion with common inlet ducting.

Tests were conducted at Mach numbers 2.36 and 2.87, through a range
of angle of attack from -4° to 10°. The Reynolds number based on mean

serodynamic chord was about 4.2 x 106 for most tests. Maximum lift-~drag
ratios at Mach number 2.87 were 6.8 for the wing alone, 6.2 for the com-
pleie configuration having six undersiung engine pods, and 5.2 for the
corplete configuration with the clustered-engine arrangement. These
results are below the snticipated performsnce, probably because of unfa-
voreble flow conditions on the upper surface. All configurations were
longitudinally stable and trimmed near the design 1ift coefficient. The
two complete configurations, which had vertical half-delta fins mounted
on the wings near the tips, were directionally stable.

INTRODUCTION

In the search for an eirplane configuration which has a lift~drag
ratio at Mach number 3.0 high enough to be useful as a long-range all-
supersonic bomber, one possibility to be considered is a configuration
incorporating a highly swept wing with subsonic leading edges. Linearized
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theory indicates that the drag due to 1lift would be low for such a wing.
Furthermore, the possibility exists that, when the wing is cambered, the
configuration mey be made stable and trimmed for the design load distri-
bution. This arrangement would permit the elimination of a horizontal
stabilizer and the attendant trim and skin-friction drag. In addition,
if the required airplane volume is incorporated in the wing, it would be
possible to eliminate or minimize the fuselage volume with a further
reduction in skin-friction drag. Accordingly, as one part of a Langley
laboratory research program on supersonic-bomber designs (refs. 1 and 2),
& configuration with leading edges swept 75° and with the design camber
end twist condition at a 1lift coefficient of 0.1 was laid out, and a
wind-tunnel test program was planned to determine whether the high 1lift-
drag ratios were sttainable experimentally snd to investigate the static
stability characteristics of such a wing.

The results obtained in the wind-tunnel tests at Mach numbers 2.36
and 2.87 for several configurations utilizing this wing, including results
on the wing alone are presented.

SYMBOLS

The force and moment coefficient data are presented by using the
system of axes shown in figure 1. The reference center for the moment
data 1is at the apex of the wing tralling edge.

b wing span, in.

o

wing mesn serodynamic chord, in.

Ch drag coefficient, Qggﬁ

CD,min minimum drag coefficient

Cﬁ,o drag cgefficient at zero lift

ACﬁ drag-coefficient increment used in correcting measured drag
coefficient

Cr, 1ift coefficient, I.:_;gi’.

Cr Pitching-moment coefficient, Fitching moment

agSec

Rolling moment

C, rolling-moment coefficient,
a5b
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Yawing moment

Ch yawing-moment coefficient, 455
f
Cy lateral-force coefficient, Later:; ~oree
. Py =D
Cp pressure coefficient, —a
Cr, lift-curve slope, per degree
oL
mz . (cl) B_)_I_o - (CZ)B__LO
01[3 = ZE_’ czlculated as — g —— per deg
&0, (Cn)5=40 - (CH)B=_40
CnB =5 calculated as 5 per deg
2C Cy)a 1o = (CY)a__no
Co = —% calculated as ( p=h ( )ﬁ"h per deg
Yo ~ a3’ 8
M free-stream Mach number
o, local static pressure, 1lb/sq ft
D free-stream static pressure, lb/sq ft
a free-stream dynamic pressure, O.TPM?, lb/sq £t
S total wing ares, (total aree 1s used in computing force and
moment coefflecients for all configurations, inecluding the
tips-off configuration), sq £t
x' P distence along wing leading edge from the leading edge apex, in.
y! distance from wing leading edge measured normal to the leading
edge, in.
Z, upper-surface ordinate, measured narmal to wing reference
plane, in.
z; lower surface ordinate, measured normal to wing reference
plane, in.
a angle of attack of the balance axis {balance axis is 2°

noseup relative to the wing reference plane), deg
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B angle of slideslip, deg

B¢ angular deflection of wing tips about their hinge lines, posi-
tive trailing edge down, deg

Oy angular Geflection of rudders, positive trailing edge lefi, deg
Subscripts:

L left wing

R right wing

APPARATUS AND METHODS

Tunnel

The tests were conducted In the low Mach number vest section of the
Langley Unitary Plan Wind Tunnel, which is a varisble-pressure, contin-
uous, return~-flow tunnel. The test seciion is It feet square and approxi-
metely 7 feet in lengtk. The nozzle leading to the test section is of
the asymmetric sliding-block type. The tunnel is equipped with a cen-
tral support system which permits remote control of the angles of attack
and sideslip of a ssing-mounted model.

Model and Instrumentation

The wing used 1n this investigation was designed by C. E. Brown and
F. E. McLean of the lLangley Aeronautical Laboratory. The plan form of
the wing was selected on the basis of indications by the linear theory
that at supersonic speeds 1ift can be carried efficlently by an arrow
wing having subsonic leading edges (ref. 3, p. 202, fig. A,lkm). The
wing was cambered and twisted to provide a design 1ift coefficient of
0.1 at Mach number 3.0 by using the superposition method of references k4
and 5 and imposing the condition that the drag due to lift be a minimum
for the plan form selected. A 63A thiciness distribution, with the sec-
tlions normal to the leading edge, was then wrapved symmetrically around
the mean camber surface. The overall thickness was determined by approxi-
mate volume requirements for a long-range bomber design, rather than by
structural requirements. The spanwise thickness distribution and the
resulting longitudinal distribution of cross-section areas are shown in
figure 2. The ordinaces of the upper and lower surfaces of the wing are
given in table I. The photographs of a woed mock-up of the wing presented
as Tigure 3 are presented to helpr in visualizing the surface contours.
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The wing was intended to be stable and to trim at the design point
without the use of esuxiliary longitudinal stabilizing surfaces; there-
fore, the concept for the corplete airplsne was that of a flying wing
heving little or no fuselage and with all required internal volume pro-
vided by the wing. Three-view drawings of several of the configurations
investigated are shown in figure 4 and additionel geometric details are
listed in table II. Configurations tested were the wing alone (with the
minimum center body required to enclose the balance), .the wing alone with
movable tips off, the wing with a rectangular body fairing on the upper
surface, the wing with two hslf-delta vertical fins mounted on the upper
surfaces, and two complete airplane configurations with simulated engine
instelletion and vertical fins. One of these configurations had six
underslung single pods and & pair of half-deltz fins mounted on the upper
surface (fig. 4(b)). The other had a cluster of six engines with a com-~
non underslung inlet and ducting and helf-delta fins on both the upper
and lower surfaces (fig. 4(c)). The same wing (fig. 1{(a)) was used for
each configuration, the differences among the configurations being in
the engine installation, vertical fins, and center body. The photographs
of figure 5 show some of the test configurations.

The vertical fins and vpods were positioned so as to be aligned with
the calculated local flow at the design lifting condition. Inlet geome-
try for boih tyves of simuleted engine installation was fixed at the Mach
number 3.0 condition, and it was determined that flow in the inlets was
supersonic at almost all test conditions, the only exception being that
the outboard pods at large negative attitudes mey not have been started
because of the large flow angularity.

The size of the engine exits was such that the exit flow was choked
throughout the test speed range. In order to determine the internal
drag, the exit pressures were measured by either a total-pressure tube
Just inside the exit (in the case of the clustered engine instellation)
or a flush static-pressure tube in the straight exit pipe (in the case
of the six-pod engine installation).

Forces and moments were obtalned on a six-component electrical
strain-gage balance mounted within the model. The model-balance assembly
was sting-mounted from the tunnel central-support system.

Tests

Most of the tests were conducted at the conditions indicated in the
following list:
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Mach nurber « . « . « « . R 1.S's><2\.05"§l-it 247 *2’.3'2 /5t
Reynolds number (bssed onc) . . . . . . . . 4.3 x 10 h.2 x 10
Stagnation pressure, atm . . . . . ¢ . . . 0.93 1.21
Dynamic pressure, lb/sq £t . . . . . . « . . 560 190
Stagnation tenperature, o F .. ... 150 150
Dewpoins, OF .« ¢ v ¢ v v v v i v e e e e e < =30 < =30
Angles of attack, deg . - « « + « « « « « . . =4 to +10 =4 to +10
Angles of sideslip, deg . « « « « « « « « . . =4, 0, } -4, 0, L
Transition .« ¢ « ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢« o « o o « & Fixed Fixed

The transition strips consisted of bands of sand 3/32 inch wide
sparsely applied to the surfaces with a plastic spray. The grain size
was 0.010 inch to 0.013 inch with the strip applied at 5 percent of the
local streamwise chord on the wing and at 8.5 perceant of the chord on

the fins. A few data were also obtained at Reynolds numbers of 2.5 X 106,

6.3 x 106, end 8.2 x 106, and some tests were made with natural transition.

Additional tests were regquired for pressure measurements needed to
evaluate the internal drag and base pressures. In order to provide some
insight concerning air-fiow conditions on the wing, pressure orifices
were instslled and a limited amount of pressure data was obtained on the
wing alone.

A flow-visualization technigue which utilized e fluorescent oil
peinted on the wing surfece was also employed. The photographs of the
wilng surface, made with the tunnel in operation, indicate the areas of
attached andé separated flow as well as the air-flow direction on the sur-
face. The model was translated forward and rearward in the test section
to obtain full protographic coverage of the wing, and the resulting prints
were pleced together to form a composite.

Corrections and Accuracy

The mexirmum deviation of local Mach number in the part of the tunnel
occupied by the model Ls +0.015 from the average value given. The pres-
sure gredients are sufficiently small that no buoyancy correctlon is
required.

The average angularity of the flow in the region of the model was
determined by comparing inverted asnd upright runs and the angle of attack
corrected accordingly. The angles of attack and sideslip have been cor-
rected for balance-sting deflection and are accurate to within +0.1°.

The internal drag has been subtracted from the messured drag, and
the data have also been adjusted to the condition of free-stream static
pressure on the model base and engine bases. No corrections or adjustments
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de relative to the boundary-layer diverter drag of the
Yine configuration
. —=d ubon belance sccuracy and repeetsbility of data, it is esti-

.oed that the coefficients are sccurate within the Iollow1ng limits:
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PRESENTATION OF RESULTS

The results of this investigation are presented
figures:

Schlieren photographs of the model . . . . . . . .
Composite of o0il-film flow photographs of wing alone

. . . . *0.003
e o . . . 20.0005
-« - . . X0.0005
.« « « . . £0.0003

. . . *0.0003
« « .« . . £0.002
. . *0.005

in the following

Figure

« e e e . T

Pressure distripution on wing slone at angles of attack

near design condition . . . . . . .+ . . . . . e e e e e e . 8
Base, chamber, and internal drag coefficients for various

model configurations . . « . . . . . c e e e e e e e e e 9
Boundary-~leyer-divertier pressures for cluSUered engine

configuration . . « . . « « . c 4 e e e e . 10
Longitudinal characteristics of the various model

configurations . . . « o ¢ & & o« ¢ 2 o o & o . e s . . 11

Effects of transition at two Reynolds numbers on longluudlnal

characteristics of wing alone at M = 2.87 . .

e e e e s 12

Variation of Cp 4, With Reynolds number for fixed and
H

natural transition on wing alone at a Mach number
of 2.87 .. . .. e e e e e e e

Summary of longltudinal characteristics of several model

con.lguratlons e e a4 e e « s s e

Lateral characteristics of various model conflguratlons at

Mach number 2.87 . . . . « . . . . .

e e e e 13
. 1L
.. . 15

Sideslip derivatives for several model configurations at Mach

mmber 2.87 ¢ ¢« ¢ i e 4 e 4 e e e e e . s

e e e e 16
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SUMMARY OF RESULTS

Performance

A% Mach number 2.87, which is near the design speed, the maxirmum
1ift-drag ratio for the wing alone is 6.8 (fig. 14). For the complete
airplene configuration with six underslung pods and upper surface fins,
the value of (L/D),,, is 6.2, and for the complete configuration with

the clustered engine installation and both upver and lower surface fins
the value (L/D)max is 5.2. These numbers are appreciably below the

anticipated levels, and it will be worthwhile to consider briefly the
cause of this difference.

Figure 11(b) compares the experimental data for the wing-alone
configuration with the theoretical longitudinal characteristics obtained
in the design calculations for M = 3.0. The drag-coefficient polars
indicate that, slthough a low level of minimum drag was achieved, the
drag due to lift for M = 2.87 was much higher than the calculated
result for M = 3.00. Furthermore, theory indicates that the lifi-curve
slope at Mach number 3.00 should be ebout 0.0253, but the present test
results at M = 2.87 were gbout 13 percent below this value for 1ifi
coefficients up to 0.1. From these resulis, 1t 1s apparent that the
wing 1s not achieving its intended performance. It is believed that
this deficiency is due to unfavorable flow conditions on the upper sur-
face. The 0ll-film f£low photographs of figure T indicate a region of
attached flow over the forward poriion of the wing. Behind this region
the flow 1s seperated from the surface, as is indicated by the lack of
scrubbing snd the erratic oil-flow paths. On each of the pressure dis-
tributions of figure 8 is shown the level of pressure coefficient which
corresponds to M = 1.0 1in the direction normal to the leading edge,
end it can be seen that this value of the pressure coefficlent is
exceeded at every station. The flow separation is therefore probably
associated with the existence of supercritical flow (in a direction nor-
mal to the leading edge) and aittendant shock waves on the upper surface.
The rectangular body fairing, shown in figures 4(a) and 5(b), was added
to the upper surface in an effort to move the wing shock wave nearer
the leading edge and thereby to weaken the shock wave and reduce the
amount of separation. No conclusive visual evidence of flow changes
were obtained, but force data (fig. 11{c)) shows a reduction of maximum
lift-drag ratio to 6.k, so that any gains were more than offset by a
loss of 1ift or an increase of drsg, or both.

Although the performance of the best complete configuration of this
investigatlon 1s below its estimated design capability, it should be
pointed out that the maximum 1ift-drag ratios obtained are comparable
with those obtained on other configurations intended for the long-range
airplane (refs. 1 and 2).
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Longitudinal Stability

For the center-of-gravity position used in the data reduction, all
configurations (except the configuration with wing tips off) were longi-
tudinalily stable throughout the 1ift and Mach number range of the tests.
The stzbility for the wing alone was not as great, however, as the calcu-
lated value (fig. 11(b)), the calculated aerodynamic center being about
0.128 aft of the experimental location. All configurations showed reduc-
tions of stability above Cp = 0.2, but none became unstable within the

vest range.
The effectivensss of the tips as a longitudinal trim device is indi-

ated by comparing figures 11(g) and 11(h). At M = 2.87 =a tip deflec-
tion of -5° increased the trim 1ift coefficient from 0.090 to 0.155.

0

Lateral and Directional Stability
Tests to determine effectis of sideslip, rudder deflection, and
opposite tip deflection were made only at M = 2.87. All configurations
had positive effective dihedrel, -CIB’ throughout the angle-of-attack

range (fig. 15), although the location and amount of fin and nacelle
area affected the magnitude, as would be expected.

The besic wing-alone configuration had neutral directional stability
throughout the angle-of-attack range, so that the addition of fins and
necelles always resulted in positive Cnﬁ’ figure 16. Variations with

angle of attack were about as might be anticipated: a rather severe
decrease as a increased when only the upper-surface fins are mounted,
but flatter curves for the other configurations having nacelles or fins
below the wing.

Langley Aeromnautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., May 7, 1958.
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[AJJ_ dimensions are in inckes.
and z,, are measured normal to the

the free stream when the wing is et the design attitude.
tive upward .:I

TABLE I.- WING ORDINATES

Ordinates to the upper and lower suxrfaces,

Zy

wi reference plene which is parzllel to
P

Ordinates are posi-

¥! Zy z; ¥ Z, z ¥ Zy Z3
x' = x! = 9.0 x!' = 15.0
0.000 3.045 3.045 0.000 0.272 0.272 0.000 0.08L 0.081
045 .386 231 075 .201 .01k
x' = 3.0 .090 438 221 150 251 -.012
135 LTk 219 227 287 -.035
0.000 1.1kg 1.1k9 227 .5:8 .210 378 Shk -.075
015 1.209 1.1i8 JSh1 61k .203 .569 .390 -.125
.05 1.268 1.122 572 .T25 .188 .T61 219 -.17h4
075 1.319 1,131 .689 ST6T 182 1.1:8 J29 -.276
52 1.k16 1.163 1.04%4 .872 167 1.5ky bop -.3527
.230 1.518 1.205 1.164 .899 162 1.542 B10 -.380
.309 1.617 1.254 1.286 .926 .155 1.940 372 -.188
.389 1.710 1.308 1.529 960 .135 2.1h42 342 -.540
470 1.81k 1.371 1.653 .968 120 2.35k5 .308 -.596
.551 1.926 14k3 1.902 .951 .065 2.75L 224 -.70T
.635 2.046 1.538 2.028 917 010 2.961 173 ~.T65
.T19 2:198 1.649 2.154 .86l -.065 3.170 113 -.825
.80l 2.393 1.808 2.283 .T86 -.155 3.591 053 -.975
2.k12 .698 -.255 k.019 -.322 | -1.208
x' = 6.0
x! = 12, xt 18.0
0.000 0.59% 0.594
.030 684 55T 0.000 0.125 0.125 0.000 0.096 0.096
.060 132 552 060 .239 .069 .090 .225 030
.120 797 .558 120 .290 .05L .180 282 -.002
152 833 563 240 .365 .020 270 320 -.026
.305 .962 581 302 .398 .008 362 345 -.050
.381 1.019 .591 155 1458 -.020 '.683 395 -.150
53T 1.116 61 762 S3T -.069 912 392 -.231
617 1.163 626 .918 566 -.096 1377 JShl ~-.390
696 1.206 .636 1.076 590 -.123 1.613 309 -7
857 1.287 662 1.391 612 -.179 1.850 .266 -.551
1.020 1.367 684 1.553 620 -.207 2.328 .156 -.T0L
1.101 1.k06 .698 1.713 621 -.234 2.570 .098 -.780
1.185 1.khp .T10 2.039 .609 -.296 2.813 .029 -.858
1.352 1.500 .T31 2.20L .596 -.329 3.305 -.131 | -1.010
1.608 1.568 Tk 2.557 .536 -.k1g 3.554 -.219 | -1.086
2.705 180 -.180 3,803 -.317 | -l.164
3.0lL 284 -.T705 L 565 ~68L | -1.395
3.215 kR -.863 4.823 -.756 | -1.h70

11




TABLE I.- WING ORDINATES -~ Continued
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¥y Zy z3 y! Zn z1 y' Zy z3
x' = 21L.0 x' = 27.0 x' = 33.0
0.000 | €.109 | ©.109 0.000 | 0.118 ] 0.118 0.000 | 0.101L | 0.101
105 .250 .039 135 .293 .058 165 315 .003
.210 .31 .010 270 368 .00k .3%2 Lol -.031
317 352 7 -.014 Ao7 i 419 | -.028 497 Ls59 | -.066
L23 381, -0k 680 A48k 1 -.093 .663 501 | -.099
.528 Loo | -.068 1.023 502 1 -.180 831 528 | -.135
1.065 409 | -.239 1.368 L4781 -.285 1.250 549 | ~.228
1.335 375 | =341 1.716 H416 | -.L0O 1.673 512 | -.338
1.881 2UT | -.553 2.067 33h | -.526 L2 .097 b32 | -.456
2.159 169 | -.661 2.420 .220 | -.661 2.526 312 | -.585
2.717 | -.020 | -.874 2.775 074 | -.805 2.957 152 | -.719
2.999 | -.119 | -.977 . 3.492 | -.239 | -1.114 3.392 | -.045 | -.863
}3.282 | -.227 | -1.076 ' |[3.855 | -.489 |-Ll.272 3.828 | ~.288 | -1.022
3.857 1 -.458 ] -1.267 4.587 | -.903 | -1.552 L.o68 1 ~.560 | -1.191
Lak6 | -.5 -1.3k6 5.33L | -1.288 [ -1.762 Lol2 | ~.855 | -1.37L
P k733 | -.82k | -1.489 5,706 | -1.453 | -1.837 5.157 | -1.15 -1.554
5.327 | -1.069 | -1.621 6.084 {-1.591 { -1.882 5.607 | -1.461 | -1.739
5.627 | -1.186 | -1.682 6.465 | -1.702 | -1.900 6.059 | -1.757 | -1.905
5.8:9 | -1.789 | -1.89k 6.515 | =1.998 | -2.021
x' = 2k.0 7.23k [ -1.858 |-1.867 6.602 t -2.030 | -2.033
{ 0.000 | 0.117| o0.127 x! = 30.0 x' = 36.
| .120 278 Ohi 0.000 [ 0.113 | 0.113 0.000 | 0.085| 0.085
.240 .338 014 .150 .311 .020 .180 308 | -.015
.360 384 | -.0L4 .300 389 | -.013 362 L00 | -.053
.‘ L83 L4191 -.04h i 152 L6 | -.050 .Sho L4635 -.083
PL605 A1 ] -lo72 i .603 L8| -.081 .T25 .508 | -.118
.909 L2 | -.156 1.137 536 | -.210 .906 537 | -.15%
1.526 3981 -.360 1 1.521 S50hk | -.320 1.36L 558 | ~.2k2
1.838 okt -.h8o 1.907 437 | -.khh 1.824 505 -.347
2.151 2ok 611 2.297 336 | -.569 |s0d 2.289 405 -.L6L
2.466 1081 -.7ho ; 2.688 200 ~.TOT |asd 2.756 268| -.583
2,784 | -.021f -.882% |3.083 032 | -.854 |s#¢] 3.225 08| -.7L0
3,104 | -.161| -1.013 . 3.8 | -.179 | -1.01k {sas] 3.699 ] -~.146| -.848
3.752 | -.462| -1.260 | 3.88L | -.41k | -1.185 L1764} -.h22} -1.00Lk
4., 077| -.615| -1.373 4,285 | ~.662 | -1. 5&6 L.656} -.725[ -1.17L
L.hot!| -.767| -1.475 4.689 | -.921| -1.514 5.139 | =1.039 | -1.357
5.072 | -1.068| -1.638 5.097 | -1.184 [ -1.670 5.627 | ~1.384 | -1.562
5.408 | -1.209 | ~1.70k 5.508 | -1.433 | -1.805 6.117 | -1.730 [ -1.775
6.087 | -1.470| -1.805 5.922 | -1.629 | -1.895 6.255| -1:835 -1.835
6.431 | -1.568| -1.8%2 6.341 | -1.788| -L.952
6.930 | -1..989 | -1.992
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TABLE I.- WING ORDINATES -~ Concliuded
¥ Zy zy ¥ Zn z1
= 39.0 x! = 48.0
0.000 0.067 0.067 0.000 -0.009 -0.009
185 .29L -.030 240 216 -.07h
.392 391 -.063 482 .310 -.089
.588 L5k -.093 123 376 -.101
185 kg9 -.122 .966 18 -.111
.981 526 -.152 1.208 A39 -.120
1.478 J5hly -.238 1.818 1435 -.1k6
1.977 186 -.334 2.33 316 -.180
2.480 363 -.139 3.05L 132 -.224
2.985 20k -.548 3.674 -.098 -.289
3.495 ~.008 -.665 Lk .30L -.359 -.382
% .008 -.268 -.800 L.380 -.379 -.382
4 5ok -.572 -.958
5.045 -.899 -1.135 = 51.0
5.568 -1.235 -1.327
5.877 ~L.Lhh -1.447 0.000 -0.038 -0.038
255 164 =07k
x' = k2.0 512 248 -.076
768 .310 -.073
0.000 0.046 0.046 1.026 ST -.068
.210 27T -0kl 1.284 362 -.062
JL22 .380 -.077 1.9%32 335 -.043
633 L5 -.106 2.585 .200 -.055
a5 193 -.131 3.2h2 -.005 -.101
1.058 .520 -.159 3.641 -.131 -1
1.592 .529 -.231
2.129 455 -.313 x' = 5:.0
2.670 31k -0z
3.215 127 -.k96 0.000 ~0.075 -0.075
3.764 ~.110 -.595 270 .100 078
k. 316 ~-.399 -.T26 5he 175 -.056
L4 .872 -T2k -.80h .813 225 -.035
5.432 -1.072 1.081 1.086 250 -.011
5.456 -1.086 ~1.089 1.359 255 .015
2.0t6 207 087
x' = 15.0 2.63hL .076 076
0.000 0.020 0.020 = 57.0
.225 254 -.063
Q52 .356 -.088 0.000 -0.118 -0.118
678 120 -.109 .285 .01l -.069
.905 L6h -.129 572 .059 -.00T7
1.133 Joo - 147 .858 Q72 053
1.704 -500 -.203 975 075 075
2.220 .hgz -.266
2.861 240 -.332 = 57.956
3.kl .02k -.407 o195
k 032 -.251 -.501 0.000 -0.134 -0.13L
4 625 -.534 -.632
L 967 -.T16 -.719

15
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TABLE IT.- GEOMETRIC CHARACTERISTICS OF THE MODELS

Eétations are inches resrward of wing-leading-edge apegl

Center-of-gravity location:

‘Lorgitudinal . . . . « s s e e s e s e e s
+Distance below the w1np reference plane, in. . . .
Wing:
Area, total inuludirg tips, sq ft . . « . <« ¢ .
Span, in. . . . . . e o e 4 4 & e s s e e e e s
Aspect ratio . ¢ ¢ ¢ v ¢ @ d 0 e e s e s e 0 e w0
Teper ratio . . . . e 4 e s e a e e w s
Sweepback of leadlqg edge, deg . e e e e
Total length in streamwlse direction, nose to wing
bi'D,i"l @« « 4 e s s« 6 8 =8 s & e e & & & & o s
-Root chord, in. . . e s s s a4 s e s s e e
- Mean ae“odyn‘mic chord in. . . . e s e s e s

Mean—aerodynam*c-chord lateral locatlon, in. . . .

Area outside of the upper vertical fins (or movable %

area), total for both sides, sq f£+ . . . . . . .

Vertical fins (applies to either upper or lower except as

Arez, each upper fin, sq £+ . . . . . . . . . « . .
Area, each lower fin, sgq £2 . . . . . « « « . ¢« ¢ &
Heigkt, In. « o ¢ ¢ ¢ ¢ o o o ¢ o o o o o ¢ o o o &
Taper ratio . . . . . v .

Station 27.98

. 1.8
.« « « « 3.k90
e e s s 30.0
.. .. 1.79
« ¢ o . 8]
75
. e« 55.97
« « .« 27.98
.« . . 20.43
R 1
e« .. 0.562
noted)
« « .. 0.283
« ¢« s« 0.255
.« o .. 6.8%9
« e .. 0

Sweepback of the lead1rg eage relat*ve to the local wing

chord, GEZ =« « « o« o« ¢ o ¢ o o o o o 4 o 0 oe 4 . « o s e . 30.0
*Mean aerodynamic chord, in. « « v « ¢ o« « & o o« & ¢ & s e T.92
Root.chord, In. « ¢ + &« v o & & ¢ o « & o ¢ o o o o o « &« . 11.88
Longitudinal location of root chord midpoint . . . . . ation 43.39
Lateral lcocation of root chord ridpoint from plane of

SYMMEtIY, AB. ¢ v ¢ « 4« s s 4 e s e e e e s e e e e e e s . 9.564
Toe-in of lower £ins, BEE + « « « « « o = « « s o o « o =« ¢« « « 4,50
Toe-in of upper fins, deg . . . . . e e e e e o« . =k.,50
Airfoil section parallel to local wing

chord . . « « « o « & .« . . S=percent-thick circular arc

Circular fuselage

1
-

six-pod configuration):

Average nose-cone half-angle, deg « . « « ¢« « « o« &
Location of the forward end of the
eylindrical-section « « ¢« ¢ ¢ ¢« ¢ ¢« o« ¢ ¢ o o o .
Location of the cylind»ical base . . . . . « « . &
Cylindrical-section diameter, in. . . « « « « + « &
Base annulus area, s L .« + ¢« ¢ ¢ o ¢ o 4 e s . .

Chamber area, s ££ « « ¢« ¢« ¢ v ¢ ¢« o ¢ ¢« ¢ ¢ o o« &
Inclination of cylinder relative to wing reference
Plane, deg . . « & « ¢« ¢« ¢ 4 0 e 4 4 e e e e

L
«

(used with wirg alone configuration and with

e e 2.6

Stetlion 23.37
Station 35.17
e o« 2.250
e =« « 0.0058
. « o« « 0.0218

e s .« 2,00
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TARL.E II.- GFOMETRIC CHARACTERISTICS OF THE MODELS - Concluded

Engine pods used with six-pod configuration:

Length, inlet spike tip to exit, in. . . « « + ¢ ¢+« ¢ ¢« 0 &
Length, inlet 1ip toexit, in. . . . . . ¢« &« 4 ¢ o ¢ ¢ & o &
Moaximum dilameter, in. . . « ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢« @« 2+ s o s e
Capture area, per pod, sq £t .
Exit asrea, per pod, sq £t . . .
Base annulus area, per pod, sq £t
Longitudinal location of inlet spike
Inbozrd POAS + ¢ « « = « « o « o o « o « ¢ s o o o = « s »«
Center PodS =+ « &+ o o « o o 2 o o o s o 5 o« o « s a s o s &«
OQutboard pPods « « « o o« & ¢ « « o« o

Lateral location of inlet spike tip from the plane of symmetry,
Inboard PodsS o o ¢ - o ¢ o o « o s o a o o s« = s o s o« o o
Centerpods........................
Outboard pods . . . . C d e s s s s e e sa e n e s oas
Distence of Inlet spike t v below lower wing surface, in.:
Inboard DOAS « o « o« o o ¢ o o o o« s a o a s« a 5 o o« a » o« =
Center DOAS ¢ o« ¢ ¢ o o = « o o o o s o o e a s a s s & o =
OQutboard pods « « « « « « « « e « o 2 e « o « ¢« o @ a o o

sip:

cke »

. ... 8,557
e -« .« B.7T3
e o s« o l.o5k4
« « « . 0.0056
e . - « 0.0041

« . . . 0.0036

. Station 28.62

. Station 35.07

. Station L4O.L42
in.:

« e e o 2.70

« s e . 5.24

« e T.78

1.28
. e e 1.28
.« e e 1.28

Inclinetion of the pod center ]J.ne relative to the wing reference

plane, nose upward, deg:
Tnboard pods « « ¢ « o« « « &
Center pods . « = « &« ¢ « &
Outboard pods . . . . « o . « e s e 4 e e e s e s e e
Toe-in angle of the pod center line , deg:
Inboard POAS « o « « o o 2 o o o o o« s = s « = a s s s = & @
Center POAS o v & ¢« ¢ « &+ o o s o = a o « « a o « o s s o «
OUthoEaTrd POAS o« « 4 o « 2 o o « a o s o o o s o ¢« o « o o
Pod support strut:
Sweepback of leading and trailing edges relative to the loecal
wing.surface, deg .« « o « ¢ ¢ « ¢ 4 e 4 4 4 e 4 s e . oe s
Chord parallel to the local wing surface, in. . . . . . . .
Airfoil section parellel to the local wing

« e e 3.25
e o e . 0.92

.« 4 e . -0.35%

.« e e 0.66
- e e . 2.66
- e . .21

e 60
« . k.00

Surface . « o« ¢ ¢« « 2 ¢ e« o o s« s « o o o « S-percent-thick circular arc

Clustered engine inlet-duct assembly:

Location of D28S€ . ¢ ¢ @ « ¢« ¢ o o « o s o o« a s s o o =
Length of assembly, in. .« ¢« ¢« ¢« ¢« ¢« ¢« « ¢« o & ¢ & o = .
Mexirmm height of assembly, in. . « ¢« ¢« ¢« o« ¢« ¢ ¢ « o .
Maximum width of assembly, in. . « . « . . ¢« &« ¢ « + « .
Cepture area, total for both sides, sq £ . . « ¢« « « ¢« ¢« . &
Exit area, total for four exits, sg £t . « ¢« .-¢ « ¢ ¢+ . . &
Base area, sq £t . . ¢ ¢ ¢ ¢ c 0 0 o 0 e s e e s e e d e e
Chamber area, 8@ £ . ¢« ¢ &+ ¢ ¢ ¢ 4 ¢ ¢ « o o ¢ ¢ o s o o o =
Inlet-ramp wedge angle, deg . . . . . . e s e e s s s e e
Sweepback angle of upper and lower in_'Let lips s deg + « ¢ o .

Angle of the forward part of the duct outer side wall re_a.t1 ve t

the plene of symetry, deg . . . . « s e o s e« o a o o &
Boundery-layer-diverter wedge angle, deg s s e e e = oa e s

. Station 3L.22
e . . . l9.27
« <. . 2.588
e e« .« 3,93
. . . . 0.0288
.« - « « 0.0208
e « . . 0.0168
... . 0.0192
.« e e 6.00
c « . . 65.65

O
- e e 5.48
e e s 9.4

15



R NACA RM L58E21

Side Zorce

P.tehing moment

Relasive

wind )
/ =
B
\

Rolling ﬁ Yawing moment
moment Lif-

-

1 !
\@7\

~—

a
Relative \ \ ?
wind Drag

—_

View A-4 \

Figure 1.~ Axes used for data presentation.
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oy
of S‘ES—“G/'

_____ p1a2t
______ =< Trailing edge

————

Thickness ratio normal to
the leading edge

0 10 2 30 40 50 57.92
Distance along leading edge, 1nches

(a) Thickness distribution.

Cross section area, sq ft

o 10 20 20 o 506 55.97
Distance aft of nose, 1inches

(v) Cross-section area distribution (sections normal to the longi-
tudinal axis).

Figure 2.- Wing thickness.
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L-58-503
Figure 3.- Fhotographs of a wood mock-up of the wing showing upper-
surface contours. Sections indlicated are normel to the leading edge.



Wing tip
parting line

Moment center

——

30.00

15.00 A

e o e

- = 27.98

[ 55.97 l

Wing refercnce
plane

(a) Wing alone with rectangular body fairing on upper surface. The basic test configuration
was the same but with the rectangular fairing removed (circular body fairing only used).

Figure 4.- Three-view drawings of the test configurations.
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Moment center

Nole: Movable wing tip inelundes all
area outboard of vertical fin

30,00
e o e Y
75" i
15.00
< - ——27.98 —_—
[«— ——————- 55,97 —

Wing Lap-
hinge line

Wing reference

Rudder -
hange line i

(b) Complete-airplane configuration with six underslung pods and upper-surface fins.

Figure 4.~ Continued.
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A"_l - o '——‘.‘——:
Section A-A Moment center
30.00
K e N T ———)
e el - 0 %
75°°
15.00 r_
H ~ e — —
A=
r 27.98 |
55.97 4
— Wing reference
plane
= — 1.86
- ma— ; u_-__.___:_______‘_: o —= _5.,_
HEETEE%L———I~6\\\\\\\\ ’

(c) Complete-alrplane configuration with clustered engine installation and upper- and lower-
surface fins.

Tc

Figure 4.~ Concluded.
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L L T S W

(a) Wing alone. L~57-5560

(b) Wing alone with rectangular body fairing. L-58-300

Figure 5.- Photographs of several model configurations.
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L-58-826
(¢) Complete airplene configuration with underslung pods and upper-
surfece fins.

Jﬂ.!:iji .-

NAL L o e et G U i ML

L-57-5614
(d) Complete airplane configuration with clustered engine installation.
Both upper- and lower-surface fins are skewed so as to be aligned with
local air flow at design lifting conditions.

Figure 5.~ Concluded.



M=2.87; a=2.2°

(a) Wing alone. L-58-1673

Figure 6.~ Schlieren photographs of the model.

42
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M=2.87; n=2.2° M=2,87; w«=2.2"

(b) Complete model with six underslung pods and upper-surface fins. &, = 0°.

Figure 6.~ Continued.

L-56-16Th

&1
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M=2.36; a=2.5°

‘ M=2.87; a=2.2°

(¢) Complete model with clustered engine Installation.

lower-surface fins. &g = 0°.

Figure 6.~ Concluded.

1-58-1675
Both upper- and
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M= 2.36 M= 2.87
L-58-1676

Figure 7.~ 0il-film-flow photographs of the wing alone. Fixed transi-
=
tion, Cp, = 0.1; R =L.2 x 10°.
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M= 2.36.

(a)

Figure 8.- Pressure distribution on wing alone at angles of attack near
design condition.
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©  Upper surfoce
O Lower sur'cce
— == Pressura cceff cient "evel
caeresparaing 'o Ma1Q
soeal fa the lesding edge

Cp

(p) M = 2.87.

Figure 8.- Concluded.




Wing alone
FH o0 Total correction 0 _
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Wing with filler block
O Total correction

! ﬁmﬁﬁﬂWWFﬁgaﬂép 0 Base annulus hmgml i e
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=12 -8 -4 Oa’ de; 8 12 16 -12 -8 -4 OL’ deg 8
M=2,36 M= 2.87

Figure 9.- Variation of base, chamber, and internal dra.g coefficients with angle of attack for
various model configurations.
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§1x pod configuration

o Total correction

1 Model base annulus

© Base ohamber

A Nacelle base annulus, inboard

P Nacelle base annulus, center

v Nacelle hase annulus, outhoard
| & Nacelle Internal, inhoard
.." v Nacelle Internal, center

ACH

clustered englne configuration
O Total correction

~m O Engine and hase
" O Dase chamber

b Internal, total

K Ry

annulus

_“_,l"-"‘!_lﬁ —:!..n

~00LE T e 4 B 12 16 ~12 R 16
o, deg a, deg
M= 2,36 M= 2.87

Figure 9.- Concluded.
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Sect. AA 500, BB Seet. CC

NACA RM L58E21

DD

Sect.

Pressure coefficient, Cp

Section through the boundary layer
diverter orifices (between the
wing and the clustered engine
inlet ducting) '

-l =2
i SR Eear
ol 4‘ SRE e T L gﬁa:
-
e LA
Eeel e e
3 b et
S et
=
A4 :
M= 2.87 a, deg
O B i :-_ k=
e Eﬁ%@j 'ﬂ

\ I ‘q
s
iR

B A

&

it 11

8 10

I

2 4

[ )

12

Distance aft of inlet leading edge, inches

Figure 10.- Boundery-layer-diverter pressures for clustered engine

~

configuration.
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Cq -0

10

o,
deg

(2) Wing with tips removed.

Figure 11l.- Longitudinel characteristics of the various model
configurations.
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(a) Concluded.

Figure 11.- Continued.
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2.87

3.00 (Theoretical) |

(b) Wing alone.

Figure 11.- Continued.
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2.36
2.87

e i R

I8 -.12,9.08 -.04 0 o~.04 2l .08 w0 .12 .14 .16 19 .20 .2t. 24 .28 = .32

(v) Concluded.

Flgure 11.- Continued.
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(c) Wing with rectangular body fairing.

Figure 11 .- Continued.
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(¢) Concluded.

Flgure 11.~ Continued.
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.16

°L

(d) Wing with upper-surface fins.

Figure 11.- Continued.
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(d) Concluded.

Figure 11.- Contilnued.
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= o SRS : M=
-.08 -.0%4 04 .08 .12 .16 .20 .24

(e) Wing with upper-surface fins deflected.

Figure 11.- Continued.
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(e) Concluded.

Figure 11l.- Continued.
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(f) Wing with upper-surface fins and opposiitely deflected wing tips.
8e,L = -5% 5e‘,R = +5°.

Figure 11.- Continued.
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(£) Concluded.

Figure 11l.- Continued.
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BT

T

(g) Wing with six underslung pods

%nd upper-surface vertical fins.
sl
e

0~.

Figure 11.- Continued.
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(g) Concluded.

Figure 11.- Continued.
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(h) Wing with six underslung pods a%d upper-surfaece vertical fins.
5. = =57,
e

Figure 11.- Continued.
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(h) Concluded.

Figure 1l1l.- Continued.
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(i) Wing with clustered engine installation with upper- and lower-
surface fins. &g = 0C.

Figure 11.~ Continued.
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(i) Concluded.

Figure 11.- Concluded.
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- B
Transltion T

() R = b.oh x 10°.

Figure 12.- Effects of transition at two Reynolds numbers on pitch char-
acteristics of wing alone at M = 2.87.
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Transition p&Em

o Natural '

() Concluded.

Figure 12.- Continued.
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Transition |
Natural f
Fixed

298 -.12 -.08 -.04 0 = .04 .08 .12 .16 .20 .24 . .32
CL

(b) R = 8.20 x 106.

Figure 12.~ Continued.
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(b) Concluded.

Figure 12.- Concluded.
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: - o Natural
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Figure 13.- Variation of C]’),min with Reynolds number for fixed and natural transition on wing
alonc at a Mach number of 2.87.
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Gonflluratlon o
o Wing alone

G — — —o Six pod
e = Clustered englne

i T T ER e
2 H,HH B h f.- 5:5 f
UK R “H.‘IH i-HE
A BillTSE

Figure 1lk4.- Summary of the longltudinal characteristics of several model
configurations.
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(a) Wing alone.

Figure 15.- Lateral characteristics of the various model configurations
at Mach number 2.87.
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(b) Wing with upper-surface fins. &, = 0°. -
Figure 15.- Continued.
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(c) Wing with upper-surface fins deflected. 3. = 50.

Figure 15.- Continued.
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(d) Wing with upper-surface fins and oppositely deflected wing tips.
Se L = —50; o) = 50.
; e,R

Figure 15.- Continued.
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(e) Wing with six underslung pods and upper-surface vertical fins.

8e = 0°.

Figure 15.- Continued.



62 NACA RM L58E21

L e S e L
-%ﬁ%ﬂm@éﬁ E%ﬂ A %ﬁﬁﬂm@%ﬁ%ﬁ@mé@ﬁ
o, B ‘@“ngﬁﬁﬁ cLH sﬁm&ﬁ%ﬂﬁé‘gﬁﬁ@
! “ H%@m Eﬁ&@ﬁ%@;ﬂ%@ﬁﬁ%@%ﬁ@%@"

T nmmm mmfé%%%m‘g%ﬂmm mumm
i Hiﬂill i 3 o il

: f%f rﬁ%&@ﬂm@&ﬁmﬁ“ﬂﬁ“ﬁ%@ 'E

PE

|| : 157 .L
"B el [fpe-iY Tt
E@ﬁmmm%mﬁ

%’%!

:s R
s i’@ .
éma%.&

_ﬂ%%ﬁiﬂi@% .

; —ﬂzﬂﬂf‘@m@%@% %2”@%%‘%%%%%% 2

f E

mﬂ%%ggﬂ% ﬁ%ﬂ;ﬁ
- %%%uza% 4

'EEE

‘_E“ ﬁﬁm
== ' 1:5

LE e L L
S :. o
-. oe A a- W Eﬁ 2 & e Eéﬁ&&%

u deg

(f) Wing with clustered engine installation with upper- and lower-
surface fins. Bg = 0°.

Figure 15.~ Concluded.
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Figure 16.- Sideslip derivatives for several model configurations at
Mech number 2.87.
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